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Abstract: 
 
Raman spectroscopy has been used to study the structure of the humite mineral 
group ((A2SiO4)n - A(OH, F)2 where n represents the number of olivine and 
brucite layers in the structure and is 1,2,3 or 4 and A2+ is Mg, Mn, Fe or some 
mix of these cations). The humite group of minerals forms a morphotropic series 
with the minerals olivine and brucite. The members of the humite group contain 
layers of the olivine structure that alternate with layers of the brucite-like sheets. 
The minerals are characterized by a complex set of bands in the 800 to 1000 cm-1 
region attributed to the stretching vibrations of the olivine (SiO4)4- units.  The 
number of bands in this region is influenced by the number of olivine layers. 
Characteristic bending modes of the (SiO4)4- units are observed in the 500 to 650 
cm-1 region. The brucite sheets are characterized by the OH stretching vibrations 
in the 3475 to 3625 cm-1.  The position of the OH stretching vibrations is 
determined by the strength of the hydrogen bond formed between the brucite-like 
OH units and the olivine silica layer. The number of olivine sheets and not the 
chemical composition determines the strength of the hydrogen bonds. 
 
Key words- humite, clinohumite, olivine, brucite, silicate, Raman and IR 
spectroscopy 
 
INTRODUCTION 
 
 The humite mineral group are orthorhombic or monoclinic silicates that form a 
morphotropic series with olivine 1. Members of this group contain brucite-like sheets 
in their structures.  The humite group is also structurally related to olivine,  
(Mg, Fe)2SiO4 (and the related mineral tephroite, Mn2SiO4) in that the members of 
this group contain layers of the olivine structure that alternate with layers of the 
brucite-like sheets.  The members of this group differ not only by chemistry but by the 
number of olivine or silicate layers that are present between the brucite layers. There 
can be either one, two, three or four layers of the silicate layers between each brucite-
like sheet. This has the effect of extending the unit cell of the minerals and affecting 
their symmetries. The generalized group formula may be written as one of the 
following: (a) A2SiO4 - A(OH, F)2 - with one silicate layer (b) (A2SiO4)2 - A(OH, F)2 
- with two silicate layers (c) (A2SiO4)3 - A(OH, F)2 - with three silicate layers (d) 
(A2SiO4)4 - A(OH, F)2 - with four silicate layers where A is either manganese, 
magnesium or to a lesser extent, iron.  All members of this group are metamorphic or 
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hydrothermal in origin. The humite group members have similar characteristic and 
properties and are difficult to tell apart.  
 
A model of the humite mineral structure is shown in Figure 1a.  What may be 
observed is the layered structure of the mineral with alternating MgO6 and (SiO4)2- 
layers. The humite group of minerals form a morphotropic series with the mineral 
olivine and brucite. Members of this group contain brucite-like sheets in their 
structures. The humite group is also structurally related to olivine, (Mg, Fe)2SiO4 in 
that the members of this group contain layers of the olivine structure that alternate 
with layers of the brucite-like sheets. The members of this group differ not only by 
chemistry but by the number of olivine or silicate layers that are present between the 
brucite layers. There can be either one, two, three or four layers of the silicate layers 
between each brucite-like sheet. This has the effect of extending the unit cell of the 
minerals and affecting their symmetries. A model of humite mineral applicable to 
humite and leucophoenicite is shown in Figure 1b.   
 
 The Raman spectra of humite minerals are of importance as these minerals are 
likely to be found in meteorites 2-5.  Raman spectra of olivines have been studied 6-10.  
The humite structure may be treated as olivine silicate layers interspersed with brucite 
layers. Olivines have compositions where M4
2
2 SiO
+M 2+ is Mg, Ca, Mn, Fe, Co and 
Ni. The low wavenumber region Raman spectra should therefore be based in part on 
the SiO4 units. Olivine has space group 162hD   (Z=4) with the SiO4 units lying along the 
symmetry planes.  Thus all anion vibrations are potentially Raman and infrared 
active. According to Farmer some vibrations may be doubled through factor group 
coupling and site group splitting of the degenerate F
xC z8
2 stretching vibrations into three 
components is likely 11. Paques-Ledent and Tarte showed the weak band at 830 cm-1 
in the infrared spectrum was the SiO4 symmetric stretching mode as the band was not 
displaced by isotopic substitution 6.   The variation in SiO4 unit wavenumbers is a 
function of the cation composition and may be used to determine the composition of 
the olivines using infrared spectra 11,12.  Burns and Huggins showed that where M(I) 
and M(II) sites are unequally occupied the M(I) sites have a greater effect on the 
anion wavenumbers 12.  This is understood from the fact that M(I) octahedron share 
two edges of the SiO4 tetrahedra. Whereas the M(II) octahedra share only one edge. 
Farmer states that for olivines edge sharing is the principal factor controlling the 
distortion of the SiO4 anions as shared edges are shorter 11.   The vibrational spectra of 
orthosilicates have been summarised by W. Griffith 9. Griffith reported the infrared 
bands of olivine at 848 (ν1), 898, 950 and 1002 cm-1 (ν3), 475 and 418 cm-1 (ν4).  
 
 There have been extensive studies on the vibrational modes of olivine by 
Raman spectroscopy 13-16 and infrared spectroscopy 17-23.  A group theoretical analysis 
of olivine was reported by Paques-Ledent and Tarte 6.  Studies of these vibrational 
modes lead to insight into the effect of cation substitution upon for example 
thermodynamic properties. Chopelas reported the single crystal Raman spectra of 
olivine and related minerals 16.  In this work we report the Raman spectra of selected 
humite minerals and relate the spectra to the structure of the minerals.  
 
 
 
 2
Experimental 
 
Minerals 
 
 The minerals used in this work, their formula and origin are listed in Table 1. 
The minerals used in this work were obtained on loan from The South Australian 
Museum and from the Mineral Research Company. The minerals have been 
analysed by X-ray diffraction for phase identification and by SEM together with 
electron probe analysis for chemical composition. Table 1 shows the theoretical 
formula as well as the formula determined by the EDX measurements. 
 
Raman microprobe spectroscopy 
 
Samples of the humite minerals were placed and orientated on the stage of an 
Olympus BHSM microscope, equipped with 10x and 50x objective lenses, as part of a 
Renishaw 1000 Raman microscope system. This system also includes a 
monochromator, filter system and a Charge Coupled Device (CCD). Raman spectra 
were excited by a HeNe laser (633 nm) at a resolution of 2 cm-1 in the range between 
100 and 4000 cm-1. Repeated acquisition using the highest magnification was 
undertaken to improve the signal-to-noise ratio. Spectra were calibrated using the 
520.5 cm-1 line of a silicon wafer. In order to ensure that the correct spectra were 
obtained, the incident excitation radiation was scrambled. Previous studies provide an 
in depth account of the experimental technique 24-29. Spectral manipulation such as 
baseline adjustment, smoothing and normalisation was performed using the 
GRAMS® software package (Galactic Industries Corporation, Salem, NH, USA).  
 
Band component analysis was undertaken using the Jandel ‘Peakfit’ software 
package, which enabled the type of fitting, function to be selected and allows specific 
parameters to be fixed or varied accordingly. Band fitting was done using a Lorentz-
Gauss cross-product function with the minimum number of component bands used for 
the fitting process. The Lorentz-Gauss ratio was maintained at values greater than 0.7 
and fitting was undertaken until reproducible results were obtained with squared 
correlations of r2 greater than 0.995. 
 
 
Results and discussion 
 
Raman spectroscopy 
 
 The humite minerals are composed of olivine layers with brucite layers. The 
number of silicate layers varies depending upon the mineral. It is thus convenient to 
divide the Raman spectra into regions appropriate for the two subunits of the humite 
structure. The Raman spectrum may be conveniently divided into sections according 
to the vibrating units. 
1. The 700 to 1000 cm-1 region corresponding to the vibrations of the (SiO4)2-
tetrahedra. 
2. 350 to 750 cm-1 region corresponding to the bending vibrations of the (SiO4)2-  
units.  
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3. The low wavenumber region below 350 cm-1 corresponding to vibrations of 
the MgO6 octahedra. 
4. The OH stretching region between 3475 and 3625 cm-1 corresponding to the 
OH stretching region of the OH units of the brucite layers. 
 
The survey Raman spectra of humite and norbergite are shown in Figures 2a and 2b 
respectively. These spectra show the relative intensities of the bands in the subregions 
as elucidated above. The silicate stretching region is shown in Figures 3a (sonolite, 
humite, clinohumite) and 3b (chondrodite and norbergite). The silicate bending region 
is displayed in Figures 4a and 4b. The hydroxyl stretching region resulting from the 
brucite layer is shown in Figures 5a and 5b. The results of the Raman spectral analysis 
are reported in Table 2. 
 
 The Raman spectra of 3 or 4 layer humites are shown in Figure 3a and the 1 or 
2 layer humites in Figure 3b.   The Raman spectra of the humite minerals show a 
degree of complexity. The Raman spectra in the 700 to 1000 cm-1 region show a 
characteristic pattern which is attributed to the layered SiO4 units.  Three bands for 
humite are found at 859, 844, and 831 cm-1 and are assigned to the ν1 modes of the 
SiO4 units. For clinohumite the bands are observed at 862, 846 and 831 cm-1; for Ti-
clinohumite the bands are at 862, 845 and 831 cm-1. For the 2-layer chondrodite, the 
three bands are observed at 860, 845 and 832 cm-1. The Raman spectrum of sonolite a 
four layered silicate shows overlap in this spectral region with three bands resolved at 
848, 838 and 814 cm-1 which may be compared with a single band at 855 cm-1 for the 
single layered silicate norbergite.  This observation is interesting in that two bands 
would be expected for norbergite from Factor Group analysis i.e. (1Ag + 1B2g). It is 
possible the two vibrational modes overlap at 855 cm-1. Paques-Ledent and Tarte 
reported complex  (SiO4)4- stretching vibrations for synthetic and isotope substituted 
Mg2SiO4 6. Two bands were reported at 823 and 855 cm-1.  Paques-Ledent and Tarte 
assigned these bands to mixed modes composed of both symmetric and antisymmetric 
character. Chopelas and Hofmeister reported Raman and infrared spectra for related  
M2SiO4 minerals 16,19.  Chopelas identified bands for fosterite at 856 and 824 cm-1 of 
Ag symmetry, bands at 866 and 838 cm-1 of BB1g symmetry .  Other bands for fosterite 
were detailed at 881 (B2g
16
B ) and 920 cm-1 (BB3g) .  Bands in similar positions were 
observed for fayalite, monticellite and tephroite .  This work was based upon the 
Raman spectroscopy of single crystals of these minerals. Such techniques is not 
applicable to the Raman spectroscopic study of the humite minerals since the minerals 
are fibrous in nature and no single crystal X-ray diffraction work has been reported.  
16
16
 
For chondrodite(1) bands are observed at 870, 848 and 847 cm-1; for 
chondrodite (2) mineral bands at 860, 845 and 832 cm-1 are observed.  Norbergite 
displays only a single band at 855 cm-1 although a low intensity band at 900 cm-1 is 
also observed.  Norbergite is an example of a one layer humite mineral i.e. alternating 
silica and brucite layers. This mineral displays only a single band in this spectral 
region. The Raman spectrum of chondrodite (a two silicate layered mineral) shows 
two or three bands depending on the chemical composition. The spectra for humite 
and clinohumite which are minerals with three and four silicate layers respectively 
shows increased complexity in the 800 to 880 cm-1 region.  
 
 In the Raman spectra a series of low wavenumber bands are observed for the 
humites in the 870 to 979 cm-1 region.  These bands correspond to the ν3 
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antisymmetric stretching modes of the SiO4 units. For humite the three bands are 
found at 876, 930 and 966 cm-1; for Ti-clinohumite at 874, 914, 932 and 967 cm-1; for 
chondrodite (sample 2) 878, 931 and 967 cm-1.  For sonolite two bands are observed 
at 906 and 948 cm-1.  Paques-Ledent and Tarte reported complex  (SiO4)4- stretching 
vibrations for synthetic and isotope substituted Mg2SiO4 at 919 and 959 cm-1. Paques-
Ledent and Tarte concluded that none of the observed Raman stretching vibrations 
could be specifically assigned to symmetric stretching or antisymmetric stretching 
modes with respect to the silicon atom 6.  One might expect that the spectra of humites 
based upon the structure of olivine and brucite would be relatively simple based upon 
their simple structure 6,22,23. However this is not the case. For norbergite four bands 
are observed at 979, 955, 900 and 884 cm-1 and for chondrodite Raman bands are 
observed around 967, 931 and 878 cm-1.  The position of these bands appears to 
depend more upon the chemical composition rather than the number of silicate layers 
in the mineral.   
 
 A number of low wavenumber bands are observed between 740 and 790 cm-1. 
Since the position of these bands does not fit into the olivine spectral pattern, the 
bands must be due to the brucite part of the structure. These bands are ascribed to 
MgOH and other M2+OH deformations.  Three bands are observed at 747, 757 and 
784 cm-1 for humite, 744, 760, 785 for clinohumite and 740, 755, 781 cm-1 for Ti-
clinohumite.  These bands are also observed at 786 and 755 cm-1 for chondrodite (2) 
and 788, 759 and 747 cm-1 for chondrodite (1).    
 
 A number of bands are observed in the Raman spectrum of the humite 
minerals in the 500 to 650 cm-1 region. In general these bands are ascribed to the 
bending modes of the (SiO4)2- units.  For humite Raman bands are found at 606, 587, 
570, 549 and 547 cm-1.  Chopelas identified bands at 608 and 545 cm-1 for fosterite 
and assigned these bands to the out of plane (ν4) bending modes (see Table 2 of 
Reference 16). The band for fosterite at 422 cm-1 was assigned to the ν2 bending mode.  
Considerable variation in the band position was found for different minerals. Thus by 
analogy all five bands for humite at 606, 587, 570, 549 and 547 cm-1 may be attributed 
to the ν4 bending modes.  The three bands at 442, 428 and 391 cm-1 may be attributed 
to the ν2 bending modes.  The multiple bands in the ν4 bending region for humite are 
also observed for Ti-clinohumite. The bands for the ν2 bending region are of very low 
intensity and the exact position difficult to define. Two ν4 bending modes are 
observed at 607 and 587 cm-1 for clinohumite and at 668 and 638 cm-1 for sonolite. 
For the mineral norbergite (single silicate layered humite mineral) three bands are 
observed at 614, 572 and 555 cm-1 attributed to the ν4 bending modes and two bands 
are observed at 435 and 382 cm-1 assigned to the ν2 bending modes.  For chondrodite 
the spectra show greater complexity. Four Raman bands are observed at 607, 587, 572 
and 547 cm-1. Two Raman bands are found at 430 and 390 cm-1 ascribed to the ν2 
bending modes.  The Raman spectrum for chondrodite (1) shows even greater 
complexity. It is possible that the isomorphic substitution of Ti in the structure is the 
reason for this complexity. 
 
The Raman spectrum of norbergite in the OH stretching region shows two 
bands at 3583 and 3488 cm-1. The spectrum for chondrodite is more complex with 
bands observed at 3576, 3570 and 3561 cm-1 (chondrodite(1)) and 3580, 3574, 3564 
and 3548 cm-1 (chondrodite(2)).  It is apparent that as soon as more than one silicate 
layer is involved in the humite mineral structure, the spectrum of the OH stretching 
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region becomes more complicated. For humite three bands are observed at 3576, 3572 
and 3560 cm-1. The Raman spectrum of clinohumite is similar to that of humite 
whereas the Raman spectrum of Ti-clinohumite displays bands at 3578, 3568, 3559 
cm-1 with two additional bands at 3535 and 3527 cm-1. In the infrared spectrum of a 
fluorine rich clinohumite from India, eight OH absorption bands were found at 3693, 
3675, 3647, 3572, 3563, 3534, 3410 and 3394 cm-1 30. Three of these infrared bands 
seem to correspond with the Raman bands elucidated in this work. The reason for the 
difference in band positions of the OH stretching vibrations is attributed to the 
strength of the hydrogen bond formed between the OH units of the brucite-like layer 
and the adjacent olivine layers. For norbergite (single silicate/olivine layer) two 
hydrogen bond distances are calculated as 0.320 nm and 0.288 nm. The implication is 
that there is one short and one long hydrogen bond formed between the brucite and 
olivine layers. The hydrogen bond lengths for the chondrodite (1) mineral, a mineral 
low in fluorine, have distances of 0.316,  0.311, 0.305 and 0.299 nm. For the 
chondrodite (2) mineral, a mineral higher in fluorine the hydrogen bond distances are 
determined to be 0.313, 0.308, 0.3039 nm.  For this mineral the moles of F is greater 
than the moles of OH in the experimentally determined molecular formula (see Table 
1).  Both F and OH have atomic mass units of 17. The F can replace the OH units in 
the brucite layers. The band positions for chondrodite (1) are at slightly higher 
wavenumbers than those for chondrodite (2). 
 
The mineral sonolite (4 olivine layers) shows OH stretching vibrations at 3555, 
3544, 3532 cm-1. These bands are at significantly lower wavenumbers than the 1, 2 or 
3 layered humite minerals. The calculated hydrogen bond distances are 0.3016, 
0.2981 and 0.2952 nm.  In comparison the hydrogen bond distances for humite are 
0.3127, 0.3097, 0.3035 cm-1.  The hydrogen bond distances for clinohumite are 
similar to that of humite with distances of 0.315, 0.3084 and 0.303 nm.  For Ti- 
clinohumite  two additional bands at 353 and 352 cm-1 with hydrogen bond distances 
of 0.296 and 0.294 nm.  It is concluded that the number of olivine sheets in the humite 
mineral influences the hydrogen bond distances and not the chemical formula of the 
mineral or the amount of F substitution. 
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Conclusions 
 
The humite group of minerals are an interesting set of silicate minerals as the 
minerals are composed of layers of brucite and olivine silicate layers. Variation in the 
minerals occurs according to (a) the number of silicate layers in the mineral and (b) 
the chemical and cationic composition of the mineral. The structure of the humite 
group has been elucidated by Raman spectroscopy.    The spectra of humite minerals 
depend on the number of silicate layers in the mineral. The influence of the divalent 
cation Mg or Mn or Fe or some combination of these cations appears to be minimal. 
The replacement of the hydroxyl units by fluorine in the structure increases the 
number of bands in the silicate stretching region.  The number of bands hydroxyl 
stretching region depend on the number of olivine silicate layers. 
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Mineral Theoretical 
 Formula 
Origin Chemical 
analysis 
Measured formula 
humite (Mg,Fe2+)7(SiO4)3(F,OH)2 MonteSomma,Somma
,Vesuvius 
Complex, 
Naples 
Province, 
Campania, 
Italy
 
Mg,Fe Mg6.33Fe2+0.50(SiO4)3(OH)1.66
clinohumite (Mg,Fe2+)9(SiO4)4(F,OH)2 Namibwuste, 
Namibia 
Mg, Fe,Ti, 
Ca 
Mg7.35Fe2+0.13Ti0.08Ca0.50Al0.46(Si
O4)4Cl0.05(OH)1.61
titania-
clinohumite 
(Mg,Fe2+)9(Ti,SiO4)4(F,O
H)2
Jacupiranga Mine, 
Sao Paulo State, 
Brazil 
Mg,FeTi Mg8.43Fe2+0.30Ti0.21(SiO4)4(OH)2.3
0
Chondrodite 
(1) 
(Mg,Fe2+)5(SiO4)2(F,OH)2 Crestmore Quarry, 
near Riverside, 
Riverside County, 
California 
Mg,Fe,Ti,
F 
Mg4.01Fe2+0.52Ti0.01(SiO4)2(OH)1.1
0
Chondrodite 
(2) 
(Mg,Fe2+)5(SiO4)2(F,OH)2 Sparta, Sussex 
County, New Jersey 
Mg,Fe,Ti, Mg5.04Fe2+0.09Ti0.02Na0.10(SiO4)2F
1.38(OH)1.06
leucophoenici
te 
(Mn2+)7(SiO4)3(OH)2 Parker Shaft, 
Franklin, Sussex 
County, New Jersey 
Mn,Mg Mn6.47Mg0.19Ca0.45(SiO4)3(OH)2.2
2
norbergite  Franklin Limestone 
quarry, Franklin, 
Sussex County, New 
Jersey 
Mg,Fe,Ca,
F 
Mg2.80Fe0.03Ca0.01(SiO4)F1.19(OH)
0.49
sonolite  (Mn2+)9(SiO4)4(OH)2 Franklin Limestone 
quarry, Franklin, 
Sussex County, New 
Jersey 
Mn,Mg,F (Mn2+)9(SiO4)4(OH)2
 
 
Table 1 Table of the mineral, their formula and origin
Clinohumite Humite Ti-Clinohumite Chondrodite (1) Chondrodite (2) Norbergite Sonolite 
Center FWHM % Center FWHM % Center FWHM % Center FWHM % Center FWHM % Center FWHM % Center FWHM % 
                     
                     
3579 8.5 0.61 3576 8.1 0.38 3578 9.8 0.35 3580 7.4 0.58 3576 9.2 0.51 3583 12.5 1.41    
3570 9.3 0.98 3572 14.9 2.69 3568 9.2 0.72 3574 7.5 1.84 3570 8.2 1.14       
3560 10.1 1.78 3560 7.8 0.83 3559 10.9 0.75 3564 10.8 1.32 3561 10.1 1.47    3555 12.9 0.74 
      3535 10.5 0.27 3548 1.4 0.10       3544 18.2 1.68 
      3527 10.9 0.25          3532 23.1 1.23 
               3488 14.9 1.64    
3412 23.8 2.05    3412 26.7 1.53             
3390 28.7 1.05    3391 28.1 1.19             
      2851 11.0 0.43             
967 10.4 7.02 966 14.0 5.63 967 9.9 2.00 971 7.9 7.07 967 13.9 5.12 979 13.2 6.83    
      961 9.3 0.94 942 6.5 3.73    955 14.5 3.80 948 15.0 4.93 
   930 8.8 4.50 932 7.8 2.45 935 5.3 0.76 931 8.9 4.65       
      926 9.2 0.19             
      914 12.8 0.79       900 14.6 8.42 906 14.0 3.25 
877 19.5 8.89 876 12.1 2.03 874 20.7 2.74 870 12.5 12.16 878 9.8 0.58 884 15.6 2.10    
862 10.3 23.48 859 15.4 23.09 862 11.5 16.35    860 17.2 27.73 855 14.8 64.89    
859 5.8 1.63 844 12.2 25.66                
846 12.5 14.24 831 11.5 20.91 845 12.6 12.27 848 10.9 24.93 845 10.8 15.68    848 13.6 21.72 
831 11.5 13.89    831 11.0 13.94 847 10.6 30.28 832 11.4 22.25    838 44.2 35.34 
      827 10.7 6.32          832 15.7 8.51 
808 9.4 1.93       811 10.6 1.08 818 25.4 4.99    814 13.5 7.54 
785 12.0 12.24 784 24.2 2.99 785 9.8 7.85 788 11.1 2.73 786 13.5 1.47       
      781 12.0 9.75             
 10
760 17.4 2.37 757 17.0 2.57 761 16.3 3.83 759 8.1 1.28 755 25.0 6.42       
744 23.0 4.83 747 29.5 3.46 755 17.8 7.19 747 23.9 2.82          
      740 20.8 3.77             
                  668 24.7 4.89 
                  638 21.2 10.18 
607 14.6 1.98 606 15.7 1.20 605 16.7 1.24 609 15.0 2.21 607 14.5 1.51 614 16.2 3.03    
587 15.6 1.03 587 14.7 1.77 590 11.0 0.86 596 2.3 0.11 587 14.2 2.06       
      580 14.4 0.44 583 12.0 2.03          
   570 19.7 1.03    569 9.3 0.39 572 15.1 0.49 572 22.9 3.87    
   549 0.6 0.01          555 12.1 2.44    
   547 8.9 0.38 548 8.8 0.52 442 10.9 0.66 547 10.5 1.49       
   539 25.6 0.79 537 12.1 1.04 431 4.8 0.23 430 20.9 1.35 435 26.5 8.07    
   442 9.8 0.17                
   428 18.2 0.86    420 5.9 0.50          
         415 3.6 0.10          
         411 11.6 0.89          
         397 5.8 0.30          
   391 14.8 0.78    392 4.7 0.47 390 16.2 1.08       
         389 4.6 0.66          
         386 3.4 0.27          
         383 5.3 0.46    382 12.0 1.91    
         379 1.0 0.05          
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